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MICROBIAL DEGRADATION OF FIBEl REINFORCED POLYMER COMPOSITES

Naval Undersea Warfare Center Divitsion
NeWpot, R1 0214

B.rnds J. Litt* RicharI!. Ray, and $aPvicia A. Wagner
N•va.Reerch Ltbormtwy

Stenals Space Center, MS 39529

ABSTRACI

Two fAber reinforced polymer omposites were examiuned for suscepdblltly to microbial degradation.
Composites. tesins and fibe were exposed to dfuafu -wr• iung, calcareoua-depositing, ammonlum-
producing, hydroe.-prducfIg and sulfate-reducing bacteria (S9I). Surfaces were uniformly colonfzed
in all caes. Epoxy and viyl ester nwe resins, carbon fibers and epoxy composites were not adversely
affected by microbial species. SRB degraded the organic surfactant on glass fibers and prehmatially
colonized fiber-vinyl ester interfacas Hydrogen-producing bacteria appeared to diswupt bondis betwee
fibers and vinyl ester resin and to penetrate the rmsin at the interface.

Keywonds: Polymer, composite, mricrorganwar ,wgrato,

INTRODUCTION

M glbaso/polymer and carbon/polyrna composite matahili am used in many aquatic environments.
With h atength to weigMt ratios and inproved sfhess for high performance, these matrial
surp"a conventional meots and Alloys for many structural applications. Unfortunately, Uwe attantion
has been paid to evlrontmental deVradation. It was long believed, foe example, that fibergla bout
hulls would not otffer corrosion, blofoulin or deterioration found In conventional materials, Howov,
it Is now recognized that all engineering materials become colonized by microorganlsms, including
bacteria, with hours aft exposmu in natural waters.' Mcrooranism grow ad produac a viscoelustio
layer or bloffim. The environment at the bloflm/matarsal interface oi radicslly diffent firm the bulk
medium in terms of pH, dissolved oxygen, nd organic and Inorpnic spec" artrnosn%, polymadc
composites m subject to degradation from moisture Intrusion and osmodtc blWise A Although the
poblms of moisture Intrusion and blistering have boon studied and can be eliminated by proper
manfa•cotin and Maintenance procedures, repair costso an safety risks wre high.

Polymetic compoeltes are subject to many kinds of envuronmental degradation. Tucker showed that
cazbosi/olymw composites galvanlicaly coupled to metals am degraded by cathodic rtwoons In

, ,.,I,,



se&W~tet. IcesetM l demn Wzta epoxy and nyioo coatiags on steel wets breached by mixed
cultures Of marfine kACtetiL Pondrys9 repeated tha p-s5 evaphite fibers wenm attacke by a mixed
culWMM of Psezd0*M&_W, aea'ft-Mo and AebwSobwrZC catcoacdlc. commoi soil isolates. Possible
ýnehsirims for inirobiall degradationý of polyMero composites inchidaw diret attack of the Main by

* aidds or enzyn"s;blistiting *u to I*s evohitioM enak,1cedecracking d". to calcareu deposits and
asevolution sad poymer destbilizatioIn by concentrated clorides and sulfides.

PROCIDURZ

Identity an d Mantenance of Bacterwa Culturt.

A iuu~ur/ron oxidizing bactesium, Thlohec(Ulufrrro=uia. Leathan strain, obtained from Dr. Norman
Lazarff. State University of New York. Binghamt~on. N a anoand in9. eim 0 cnann

3.0~ ~ ~~ g N1S 4  . C!; 0.5 5 K2MP4, 0'5 £ MgtSO 4.71ýO. 0.01 £ CA(NOý2 dissolved in
700 nml distilled water previously acidified to pH 2.5 with H12S04. The sWt solution was stedilzed
at 25M' and 150 psi for I!( Minutes. 3W0 Va of an t=o Solution cnt"ainng 44g9 FtSO4'7H 20 In
pH 2.5H 2 SO4 was fiwr trilizedandaddedto thesalt solution.

Psued&ordna fluoruictr, a cA1areous-depoiti bacwlur was obtained form ihe America Type
Culture Collection (ATCC #17S71), Roe"&~l. MD). The organism was originally isolated fron
Polluted seawater. PS. fluoreacems was maintained in a medium cOOtainin 0.2S5 gCalcium acetatte,

I.4 yukeast 4 exra .0 g glucose.100 ml distilled water, and adjusted to pH 8.0 using NzOHA'

LlactOcoccu' 1actl, sublP. trrctis, ATCC #19435, an amniontum-producing bactarimwn.wa mainta ned
in brain heart infusion media.12 Clonridiwur acewbutylcum. ATCC #824, a bacterium previously
shown to produ1co cpious amounts of bj1droVen ftro fermentato Of sugars WAS maintained ini a
gro fwthnidur described by Ford et a&L Sulfafte-rducing bactria. isolated as a mixed culture of
facultative mic froogaims from a corrosion failure of a carbon stWa was=e piece on a surface

hi,313 were maintained in Postgatc B growthb medium

Exposure Conditions

* ThplHcath coUPOns (2.5 X 2.5 X 0.6 cm) of two fiber reinforced poly=e composis-ag carbon fiber
(T-30Q) reifored epXY (NAR4C0.S2OR&r.300, BASF, Snrctsva Materials. Anahem, CA). endsa
g2a"s (8.2) sed carbon (T-300) einfOrce Vinyl estar (Derakans 411-45, Dow Cbemice' Midland,
MD), were exposed to micoubilOSgcal cultures for 161 days. The epoxy was cure in a vaium= bag
autoclaved -at., 121-Cr Cure of vinyl esWe rei% was Promoted with 0.3% cobalt naptitenare and
0.0AS. dimety1Wanilne catayzed with 2% methyl ethyl katons peroxide, Resins wers poet-curedi at
1005C for 8 bours. Carbon fibers, Stlas fibers vinyl ester, and epoxy resins wer exposed for 90) days

* to SRB Yd hy SMe-POducin bacteria. Glass fibers bad been treaed with orgmnfunteonal Suman
A4.172 (Union Cizbde Danbiu , C). (M All culture were maintainedi at rown temperu and ware
peiodicaly refrehed with 6ew media Triplicate ,,"Woclated controls were maintained under the
;amiaexposjrý conditons.

SAznp*a'Were WaIdgl* before and after exposure Moisture uPtafe was calculat .ed after the bitiffim had
benremoe with'a cotton swab containing acetoe CAd the sample rewelghed.



igurp 3. Light microscope mictographa of glas fibers (a) unexposed. e-xoseo to culture medium.
and (c) exposed to SRB in culture medium.

failimte handling. Silanw A-172, a vinyl tris (2-methoxyettoxx ,bin, prornomes adheaion between
the vinyl cater resin and glass fibers. MicrobiWldegradatton of the surfatant by SRB was fuini
demonstratod with .SEMBD$S silicon dot maps (Figure 4). Silicon do maps of control fibeen exposed
to uninoculatad media showed concntrations of silicon within the core of each fiber'and small
amounts of silicon along the length of each fiber. Similar maps for fibers exposed to SRI showed
increased amounts of sllicon along the length of the fiber, Many microorganisms are known to degrade
organic pol ers.19'° The mixed anarobic culture containing SRI used tn this work has been shown
previously to degrade marine caulks and traditional polymenrc coangs 1,14A

Hydrogen-producing bacteria appeard to disrupt bonding beriwee fibers "n virnyl eater resin (TilFM 5).
"'he orraninms penetrated the rusin and disruption of fibem and rtsLn -a's be due to gas fdnmAdon
within the eomvposite.

Previous work published for moisture uptake for vinyl ester neat resin and the carbon ViRn)I emae
composite indicate that the materials should be saturated afer 90 days 1 "Ihe neat resin and.the•.aibon
vinyl eater composite amreypically saturated at 0,78 and 2.25% weight gain, respectvely.,In the
presence of blofilms, moisture uptak was typically 0.1 and 0 9% for the neat resin and Cii
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Swt/cc Analyis

Samples, were examined before and after exposure using an environmentui scanning electron micro--
scope (ElRccoscan Corporati, Wilmington. MA) coupled with an enrgy-dlpersive x-my analysis
systtm (NORAN, Mfiddlewn. WI) (ESEMIES). The ESEM uses a secondary elecpuon dtctor capable
of forming high resolution Images at pressure in the ruag of 0.1 to 20 tof, At these pwaiss• c,
specie charging is disipued into the gamus anvironment of the specimen chamber, enabling
dir:t obacztidon of uncoate, nonconductive specimens, including polymeric composites. If wate
vapor Is used as the specimen environment we$ samples can be observadL Wet biofilms can be imaged
directly without fixation, dehydration or metal costing, and EDS data can be coUected at the same
time sample morphologyAopography is photogphed. 17.1 Samples were examined for evidence of
degradation resulting from microbial activity and compared to utinoculatad controls.

RESULTS AND DISCUSSION

In a ll cases, composite, neat resin and fiber surfaces were colonized by all microbial types. Neither
the epoxy nor the vinyl aster composites were adversely affected by caicarsous-depositing or
arnmonuum-producirg bacteria. There was no evidence of attack of resn and fibers remained embedded
within both resin. Composites exposed to sulfiarrvoo-oxidizing bacteria (Figure 1) were coveired with
crystalline deposits containing Iron and sulfur in addition to microbial cells. All srfaces exposed •o
SRBEwere black due to the deposition of iron sulfides. No damage to the epoxy compositc, epoxy neat
Moi,. carbon fibers or vinyl aster neat rmsin could be attributed to the presence and activiti of SRB
and hydrogen-producing bacteria.

SRE grew preferen'tially at fiberireuizl interfaces on the vinyl ester composite (Figr 2). Glais fibers
exposed to SB lost all rigidity after the 90-day exposure so that the weave patte.rn was no longer
evident (Figure 3). Control glass fibers remained rigid and maintained the original weave. pattern
(Figure 3). Olasa fibers am routinely treated with an organic surfactant used to size the fibers and to

Figure 1. SulfUr/Iron-oxidizing bacteria with
crystalline deosi on srfadc of fiber reinforced Figure 2- SRB at flWeftik inerae oPCVinyl
polymeri composite-ase composite ý k



PI~ EQ dt ap of silicon, foc Slasi fibers (a) exposed to culture medium and~b exposed
to SRB in CunmM Urdim. l

reapedveiy., It appears that biofflms may W u ms ýus'u Darner for waWT, rMtazdg Moisture

A-

CONCLUSIONS

Epoxy mein anid csrbon fiber. either individually or in composite, were not degraded by Ulftcd
irft.Oxidizinl'3 hydri)gefrproducing, calcarcoiusdepoltitng, or SRB. Bacteria did colonize ruina4
ffibers uid -Camrpscites but -did not causew damage SRB preferentially colonized vinyl aster cornpotitas
at the 1ibesin riniacrfukd deg&rad earVinyl eamtermain. SRB degrad*Iiiti of the organic surfactant
on* glass fibeie Wes demonsarued wlthý ESiWM/S. Hydtrigen-ptodflcifl batei appea to have
disrupd'*'flbest.Yibyl ester remni bo~dng with penetration of the telsIn.
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Pigpre S. Hydron-producin e bacteri at disrupted
,inteffta bewewe fibers and v•yl ater main.
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